The antioxidant influence on the physiological-biochemical parameters of productive animals is one of the most important directions in modern animal science. Phenozan is a synthetic antioxidant with high biological activities including those for animals. The positive effects of phenozan on the physiological-biochemical parameters of the mink blood were found. These effects are leading to the intensive growth, strong health, enhancement of the mink fur quality, and so forth. The total amount of the erythrocytes in the mink blood increased by about 4-5% due to phenozan inclusion in the mink diet. Even a more significant increase was found in hemoglobin content in the mink blood and erythrocytes (by about 9.5% and 8.8%, resp.) due to phenozan inclusion of 100 mg/day, whereas it was found only by about 6.1-5.3% or 5.5-0.3%, owing to phenozan inclusion of 50 or 150 mg/day. For many other parameters the optimal phenozan concentration was about 100 mg/day per head according to the result obtained for all studied animal groups. Thus, phenozan can be successfully used as a biologically active compound for mink nutrition and is recommended for other farm animals.
Introduction
Antioxidants are intensively studied biologically active compounds (BACs) important for all animals and humans. They can be divided into two groups: natural (so-called "bioantioxidants") and synthetic (preferably containing "shielded" phenol group) antioxidants as discussed elsewhere [1] [2] [3] [4] [5] [6] . Natural antioxidants are some vitamins, coenzymes, monosodium glutamate, selenium, glutathione, and so forth. The examples of the synthetic antioxidants are the following: ionol, diludin, santohin, phenozan, phenoksan, and so forth. They have various functions: from direct participation in metabolic processes to prevention of some diseases. The major biological function of antioxidants includes the interactions with various oxygen forms: antiradical action (tocopherol, phenol), peroxide destruction (selenium, sulfur-containing compounds), and interaction with some metal ions or inactivation of the highly reactive singlet oxygen (vitamin A, carotenoids) as discussed elsewhere [1, 2, [5] [6] [7] . High efficiency of antioxidants, above all, is due to their membraneprotective action. This plays a great role in the prevention and correction of membranes damage by various pathologies, for example, inhibition of the fat oxidation by molecular oxygen [1, 8] .
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Modern directions in the biological and veterinary sciences include the study of the antioxidant influence on the morphological-biochemical parameters of various farm animals. The use of antioxidant in animal nutrition leads to an increase in their "zootechnical" characteristics: intensive growth, strong health, enhancement of meat and milk production, and so forth. Along with previously known antioxidants a great attention is devoted to the design and testing of the novel BAC such as so-called phenozan acid or simply phenozan [9] [10] [11] . Phenozan and other phenolic antioxidants were synthesized; their physical-chemical and general biological properties were characterized in the Emanuel Institute of Biochemical Physics of Russian Academy of Sciences (IBCP RAS). Numerous works [9] [10] [11] have proved wide biological activity of phenozan and some other phenolic antioxidants. It is important to underline that prior to the beginning of our work there had been limited data on the phenozan effects on farm animals [10, 11] , especially its influence on the most important morphological-biochemical parameters of animal tissues and organs.
Currently, antioxidants are used in animal breeding as growth promoters, to increase resistance, stress reduction, to stabilize unsaturated fatty compounds and vitamins, by direct feeding to animals [1, 2, [11] [12] [13] [14] [15] [16] . They are also involved in the process of tissue respiration, and they are permanent components of membrane structures regulating their permeability and stability [1, 8] . Before the beginning of our research there had been no reliable data on the phenozan influence on the parameters of minks as typical fur animals.
The present study was undertaken to test the phenozan influence on the physiological-biochemical parameters of young minks and to obtain the correlations with their "zootechnical" characteristics.
Material and Methods
Phenozan was synthesized and characterized in the Emanuel Institute of Biochemical Physics of Russian Academy of Sciences (IBCP RAS) as published previously [10, 11] . The animal experiments took place on the "Koschakovsky" minkbreeding farm. All procedures were carried out with the approval of the Animal Care Committee of the Federal State Budgetary Educational Institution of Higher Education "Moscow State Academy of Veterinary Medicine and Biotechnology-MVA by K.I. Skryabin" according to the international guidelines.
The minks were subdivided into four groups (56 heads in each group): (I) control group (no phenozan in their diet) and three experimental groups of minks fed with phenozan: (II) 50 mg/day per head, (III) 100 mg/day per head, and (IV) 150 mg/day per head (for the period of 72 days). The blood for investigation was taken before feeding by standard methods [1] . Plasma was stored at the temperature of 4-8 ∘ C for 6 hours. If longer storage was required, it was frozen and stored at −20 ∘ C. Blood serum was obtained by settling whole blood and retraction of the clot followed by centrifugation. The serum was centrifuged at 2000 rpm during 10-15 min. The major hematological (total erythrocytes, hemoglobin, hematocrit, HCE as hemoglobin concentration in the erythrocytes media, MCV as mean cell volume, MCH as mean cell hemoglobin, and platelets) and biochemical (total proteins, lipids, etc.) parameters in the mink serum were measured by standard methods [8] based on the microscopy or spectroscopy of a mixture of the serum sample and appropriate reagent (all was incubated at 37 ∘ C during 1-3 min.). The electrophoresis in the polyacrylamide gel (according to the standard protocol [8] ) was used to determine the content of protein fractions in the mink serum (albumin and globulin fractions, in percentage, and their ratio, in arbitrary units). The statistical analysis software was used for statistical treatment of the obtained data. Experimental data were treated by variation statistics methods; in particular, the differences of the measured parameters from one another and from the normal level were estimated using Student's test [1] .
Results and Discussion
The influence of the phenozan (included into the mink diet) on the major physiological-biochemical and "zootechnical" parameters of these animals has been studied taking into account an important biological role of such antioxidants in the animal metabolism. In the preliminary microbiological tests the phenozan doses equal to 25, 50, 75, 100, 150, 200, 250, and 350 mg/day were studied on various cell lines (human breast carcinoma HBL-100, human keratinocytes HaCaT, human epithelial carcinomas A431, and canine kidney epithelial cells MDCK) [1, 17] . These tests allowed determining the optimal dose range (from 50 to 150 mg/day) for further experiments on animals without all dose-tests. The additional experiments would be rather expensive taking into account that for 3 dose-tests and control groups we used in total 224 healthy productive minks.
First, the total amount of the erythrocytes in the mink blood increased by about 4-5% by phenozan inclusion (in amount 50, 100, and 150 mg/day) in the mink diet and was almost the same for all experimental groups (Table 1) . Even a more significant increase was found for hemoglobin content in the mink blood and erythrocytes (by about 9.5% and 8.8%, resp.) due to phenozan inclusion of 100 mg/day (group III), whereas it was found only by about 6.1-5.3% or 5.5-0.3%, owing to phenozan inclusion of 50 or 150 mg/day (group II or IV, resp.). Thus, the phenozan inclusion in the mink diet had positive influence on the blood cell and hemoglobin metabolism for young minks.
The hemoglobin concentration in the erythrocytes media (HCE) increased gradually along with increasing phenozan amount in the mink diet (by about 3.8%, 5.5%, or 8.3% in group II, III, or IV as compared to group I, resp.). In contrast, mean cell volume (MCV) of the single erythrocyte decreased gradually along with increasing phenozan amount in the mink diet (by about −2.4%, −6.1%, and −9.9% in group II, III, or IV, resp.).
It was unexpected that the inclusion of various phenozan doses into the diet was not accompanied by significant changes in the hematocrit, the "mean cell hemoglobin" (MCH), or the average mass of hemoglobin per single erythrocyte (with only negligible difference for group II). The phenozan influence on the platelets (also called "thrombocytes") amount was nonlinear: firstly, drastic increase happens by addition of the relatively small phenozan amount (by 15.2% from groups I to II); secondly, this led to almost the same values between groups III and I; thirdly, by addition of the high phenozan amount (group IV) the pronounced decrease of the platelets amount (by −4.5%) was found. The last dependence can be explained by particular changes in the blood cell and coagulation systems. Thus, in major cases the phenozan influence had positive influence on the morphological parameters of mink blood that was useful for the administration of antioxidants into the animal diet. Obviously, the phenozan influence on the above mentioned parameters will need further evaluation that is on track.
On the other hand the phenozan inclusion in amount of 100 mg/day into the mink diet (group III) is optimal for the general positive effect. This can be proved by the significant increase of the total lipid content in the blood for group III (on 8.8%) as compared to the control and other experimental groups.
The observed effects were especially pronounced in the case of the protein metabolism. Proteins play an important role in the vital activity of any living organism. In normal conditions, proteins in the body are constantly in the metabolic dynamic equilibrium. The most studied and informative for the analysis of the animal biochemical status are plasma proteins. On this basis, we found it necessary first to examine the changes in the total amount of the plasma proteins of minks fed with phenozan (Table 2 ). There was a small increase found in the case of the total protein content for groups II and IV as compared to the control group, whereas a more pronounced increase (by 5.7%) was found in the case of group III as compared to all other groups (Table 2) . Almost the same positive peculiarities were observed for albumin fraction that proved the optimal phenozan inclusion in amount of 100 mg/day into the mink diet (group III). Albumins as major plasma proteins performed some essential functions, such as the support of the colloid-osmotic pressure, and transport a 4 International Journal of Zoology number of insoluble components in the plasma. Total plasma globulin amount did not change gradually, probably, due to their complex composition. It is well known that the plasma globulins can be divided into a number of fractions, the percentage of which may also vary depending on the age of the animals and other factors [8] . By globulin fractions analysis one can conclude that only -fraction level has linear correlation with the phenozan amount included in the mink diet ( Table 2 ). The level of the -fraction globulins increased pronouncedly by addition of the relatively small phenozan amount (on 5.2% from groups I to II) and also by further phenozan addition (on 7.7% and 9.0% as compared to the control group) ( Table 2) . Actually, the ratio between albumins and globulins (A/G) is the most informative. In this case, a particular decrease was found for group II as compared to the control, whereas the pronounced increase was found for group III as compared to all other groups (Table 2) . Being in close contact with the proteins of various tissues, blood proteins subtly react to changes in the biochemical processes occurring in the organism. The results showed that phenozan inclusion in different doses had particular influence on the protein composition of animal blood.
These data were supported by some hormones study for these minks. The maximal 4 and IRI values (54.90 ± 6.70 nmol/g and 44.73 ± 3.73 mU/mL, resp.) and the minimal some hormones levels in the minks blood proved that the most significant changes in hormonal status were observed for animals treated with 100 mg of phenozan per day (i.e., concentration of 4 and IRI increased by 14.2% and 28.7%, whereas the 3 value decreased by 10.7%).
In order to determine the further effect of phenozan additives on the animals, the necessity of morphological studies of their internal organs appeared. The analysis showed that the major parameters of the inner organs of the animals in the experimental (II-IV) groups (received phenozan) were in the same normal physiological range as those of the animals in control group I (Table 4 ). In addition, a tendency to the increase of the weight of thyroid glands, as well as the weight and length of the intestine, was found for all experimental animals in comparison with the control (Table 4 ). Taking into account that the mass of minks before slaughter was higher during the phenozan inclusion in mink diets, it was of interest to find out the difference in the measurement of animal weight and their fell dimensions. The analysis of the data indicated that mink weight ranged from 2005 g (control) to about 2065-2075 g (all experimental groups). These data correlated with the increase in the lengths of the mink body (by 1.4-1.6 cm higher for experimental groups as compared to the control) and of the chest girth (by 2-3 cm, resp.). Apparently, the use of phenozan in mink diets activated the metabolic processes in young animals during the period of intensive growth, which finally led to the increase of the linear dimensions of the body and the fur International Journal of Zoology 5 area. These data are in agreement with the results obtained for some other antioxidants in mink diets in our previous studies [1] .
It is important to highlight the major "zootechnical" parameters of the studied minks that are essential for commercial application. The fells dimension A (extra-large) increased by 17.0-57.9% (Table 5 ) due to phenozan inclusion into the mink diets. Moreover, under such conditions there were no large fells defects and the amount of the fells without defects also increased ( Table 5 ). The quality score and the prices increased for all mink groups using phenozan in the diets as compared to control group I ( Table 5 ). The obtained data evidenced the high "zootechnical" parameters for all mink groups using phenozan (in their diets) that promotes the mink fur commercial application.
Conclusions
Thus, inclusion of the special antioxidant phenozan in amount 50-150 mg/day into the mink diet has positive influence on their physiological-biochemical parameters. The optimal phenozan dose is about 100 mg/day per head. Inclusion of phenozan into the mink diet promotes the mink growth and fur dimensions increase which has high importance for animal science and practice.
